Nowadays, there is an increasing need for sensitive real-time measurements of various analytes and monitoring of industrial products and environmental processes. Herein, we describe a fluorescence spectrometer in continuous flow mode in which the sample is fed to the flow cell using a peristaltic pump. e excitation beam is introduced to the sample chamber by an optical fiber.
Introduction
e Process Analytical Chemistry (PAC) is the application of analytical chemistry using specific techniques, algorithms, and sampling equipment which addresses the problems of chemical processes [1, 2] . In traditional analytical process, sampling was carried out manually, and then these samples were transferred to quality control laboratories [3] . Sometimes this approach was harmful, dangerous and also expensive, and ultimately did not result in good data in terms of accuracy. Also, in terms of time, it could not adequately demonstrate the process conditions. e delay in the analysis results prevented real-time and online analysis. Over time, it became clear that real-time measurements would provide time information in a process, so instead of offline measurements, continuous flow analytical devices were applied for online monitoring [4] [5] [6] [7] [8] . In continuous monitoring, direct connection of the sampling system, and the system itself, enables us to automate and control the collection of data and their analysis [5, 9] .
e Process Analytical Technology (PAT) [10, 11] was defined in 2004 by the Food and Drug Administration (FDA) to support innovation in the industry quality control. PAT has many applications in the pharmaceutical and antibiotics manufacturing [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , chemical [26, 27] , petrochemical [28] , and food industries [29] [30] [31] [32] [33] . In addition, there are many recent progress in realtime monitoring of cultivations in bioreactors and cell culture process [34] [35] [36] [37] [38] [39] [40] [41] , fermentation [42, 43] and biological process [44] , and electrochemical [45, 46] and protein purification [47] . Using PAT enables us to get a deeper understanding of the process. e process knowledge can increase the product integrity and production efficiency while it can reduce impurities and undesirable crops and costs which all lead to cost reduction eventually. By having additional information and knowledge about a process, it is possible to understand the parameters that influence the process and its quality control [15, 48] .
Fluoroquinolones are among the most important antibacterial agents which were developed in the 80s and are now widely used in medicine and veterinary medicine [49] .
erefore, several analytical procedure has been reported for determination of fluoroquinolones including high-performance liquid chromatography (HPLC) [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] , spectrophotometry [63] , fluorimetry [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] , flow-injection based on chemiluminescence [74] [75] [76] , chemiluminescence [77, 78] , terbium-sensitized luminescence [79] , solid-phase spectrofluorimetry [80, 81] , capillary electrophoresis [82, 83] , convenient magnetic solid-phase extraction procedure coupled with capillary electrophoresis [84] , solid-phase microextraction coupled with liquid chromatography-tandem mass spectrometry [85] , liquid-liquid microextraction [86] , polarography [87] , and colorimetry [88] But, there is no report for application of PAT or PAC for online monitoring of fluoroquinolones.
Hence, the main objective of this study is to develop a method for chemical analysis and monitoring of four fluoroquinolones (ciprofloxacin, ofloxacin, levofloxacin, and moxifloxacin) at continuous flow mode using a fiberoptic fluorescence array detecting system in pharmaceutical products. 
Materials and Methods

General Procedure.
e stock solution of 1000 μg·mL
of four standard samples of antibiotics, including ciprofloxacin, ofloxacin, levofloxacin and moxifloxacin were separately prepared in 2 : 1 ratio of methanol/deionized water. en, the dilution solutions of each were daily made and at continuous flow mode fed to the flow cell and detected by a fiber-optic fluorescence arrays system.
Fluorescence Array System in Continuous Flow Mode.
In continuous flow monitoring, the flow of sample is continuously fed into a fluorescence flow cell by a peristaltic pump. Two fiberoptic probes were utilized to direct the light from light source to the flow cell and the fluorescence array from flow cell through the detector. Data are recorded and displayed on the computer software. e utilized laboratory set is presented in Figure 1 .
Procedure for Pharmaceutical Samples.
In order to validate the optimized method, the recovery value of different forms of commercial pharmaceutical samples of ciprofloxacin, ofloxacin, and levofloxacin were investigated. e pharmaceutical samples were included intravenous infusion of 0.2% ciprofloxacin, ocular drops of 3.8% ciprofloxacin, 200 mg ciprofloxacin tablet, 0.5% ocular droplet of levofloxacin, a 500 mg tablet of levofloxacin, and 200 mg ofloxacin tablet.
Preparation of Ciprofloxacin and Levofloxacin Solutions.
For the analysis of ciprofloxacin, a stock solution of 2 μg·mL − 1 was prepared from 0.2% intravenous infusion of that. In order to evaluate accuracy of the method, other quantities of standard ciprofloxacin were added to the sample solution for recovery tests. All measurements repeated five times. e same procedure of sample preparation was repeated for measuring eye drops of ciprofloxacin 0.3% and levofloxacin 0.5%.
Preparation of Ciprofloxacin and Ofloxacin Solutions.
For the analysis of ciprofloxacin samples, appropriate amount of ciprofloxacin tablets were weighed and transferred to a 100 mL container to form a stock solution of 1000 μg·mL − 1
Results and Discussion
Process Optimization.
Optimization process was performed by optimizing flow velocity and integration time.
Effect of Flow Rate.
e flow rates of the sample were optimized in the range of 5-1500 μL·min − 1 ( Figure 2 ). e signal slightly decreased following the increase of the flow rate, it was considered that for the flow rate upper than 400 μL·min − 1 , the obtained fluorescence spectra were unstable.
So, the flow rate of 400 μL·min − 1 was chosen for the best conformity with the signal stability and throughput of the sample. International Journal of Analytical Chemistry
Optimization of Integration Time.
e integration time of the spectrometer (analogous to the shutter speed) was also optimized. e higher the integration time, the longer the detector monitors the incoming photons. For too low intensity, the value increased and vice versa. For the 25 mg·mL − 1 of levofloxacin standard solution, with the integration time of 600 mS, the maximum intensity 45118.7 was achieved (Figure 3) .
Characteristics of Emission Spectrum.
e emission spectrums of various standard solutions of ciprofloxacin, ofloxacin, levofloxacin, moxifloxacin were recorded at the optimized conditions (Figure 4) .
To demonstrate the capability of the method for continuous monitoring, 1 cc of standard solutions of ciprofloxacin and moxifloxacin from low concentration to high concentration were added to the flow cell, respectively, and changes of fluorescence intensity vs. time was monitored. As depicted in Figure 5 , by increasing the concentration of ciprofloxacin and moxifloxacin the fluorescence intensity rises instantly.
Analytical Performances.
Series concentrations of four antibiotics including ciprofloxacin, ofloxacin, levofloxacin, and moxifloxacin were used for drawing the calibration curves. A calibration graph of florescence intensity versus the sample concentration is presented in Figure 6 . e linear relationship, detection limit, and relative standard deviation of each are presented in Table 1 .
In comparison with the other methods for fluoroquinolones determination, despite of simplicity of method, no labelling agent or additive for signal enhancement and monitoring of flowing sample, the proposed method had ng·mL − 1 detection limit which is quite comparable with the most of other reported methods (Table 2 ).
Interference Study.
To evaluate the selectivity of the developed method for the analysis of pharmaceutical preparations containing ciprofloxacin, the effects of some potential interference compounds (used as additive to pharmaceutical samples) such as fructose, glucose, sucrose, lactose, sorbitol, sodium citrate, magnesium stearate, talc, methyl cellulose, and starch on the efficiency of the International Journal of Analytical Chemistry 5 presented method were studied. A standard sample solution of ciprofloxacin (5 μg·mL − 1 ) was analysed in the presence of the extra amount of coexisting substances. A compound was considered as noninterfering if the variation of its signal was less than ±5% in comparison with the signal in the absence of that. Table 3 shows the results obtained. e results indicated that there were no significant interferences produced by these excipients 
Method
Linear range (μg·mL − 1 ) Detection limit (μg·mL − 1 ) Spectrofluorometric [65] 0.02-2.2 0.006-0.016 HPLC-UV [89] 0.15 to 5 0.04-0.08 HPLC [57] 0.003-1.3 0.001 HPLC-fluorescence [90] 0.005-0.1 0.0005-0.005 Capillary electrophoresis [83] 5-20 1.1 and 2.4 Chemiluminescence [77] 1.98 × 10
0.003-7 HPLC-PDA [91] 0.1-10 0.03 Spectrophotometric [72] 0.5-25 0.084 HPLC [92] 0.0005-1 0.00007 is method 0.25-20 0.035-0.093 
Measurements in Pharmaceutical Formulation
. In order to evaluate the applicability of the optimized method for determination of fluoroquinolones, the recovery percent of ciprofloxacin, ofloxacin, and levofloxacin in pharmaceutical samples were investigated. e obtained results for commercial pharmaceutical samples are summarized in Table 3 .
e results show the potential of the developed method for the measurement of real samples (Table 4 ).
Conclusions
In this study, we have proposed a simple and sensitive method for quantitative measurement of fluoroquinolones medicines.
e combination of flow system and array spectrofluorometric provides the ability to apply PAC for multiwavelength online monitoring of fluoroquinolones.
e developed method was successfully utilized for analysis of ciprofloxacin, ofloxacin, levofloxacin, and moxifloxacin in low concentration range with detection limit of 35-93 ng·mL In addition to the fast detection time and automation, acceptable accuracy, and good reproducibility, the proposed method was used to measure fluoroquinolones in six forms of commercial pharmaceutical formulation as well and the obtained results showed the capability of method to be applied for online industrial analysis of real samples.
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